
STUDENT INFORMATION SHEET 
MOTOROLA 68000 MICROPROCESSOR 

The intent of this discussion is to give the student a general 
overview of the 68000 MPU. This is meant to be only an overview, and 
will hopefully give the reader a chance to develope some backround to 
the architecture, functions, and capabilities of the 6d000. 

This is not meant to be an in depth study of the programming fea¬ 
tures, nor to explain how functions are achieved, but instead to iden¬ 
tify the registers and pinouts, and their uses. 

Throughout the text we will refer to signals being either "ASSER¬ 
TED", or "NEGATED". When we say a signal is asserted we mean simply 
that it is active, regardless of if it is high or low. 

If we indicate a signal is negated, we would imply that it is in¬ 
active, again without regard to its state. 

We can tell if a signal is active HIGH or active LOW by the name. 
For example if a signal is barred, or ends with the symbol "*" it 
would indicate an active low, if it has neither then it would be con¬ 
sidered active high, in either case we use tlja term asserted. 

If a signal contains the symbol "/" this would indicate that it is 
used as a control, and is always active.. In the- case of R/W* if this, 
line is high we are be performing a read‘operation, if it is low we 
are performing a write operation. As you can see the signal is always 
active, however the state of the signal causes quite a change to take 
place. 

PINOUTS 

The tables on the following page list the signal groups and give 
their respective pin assignments. A brie.f 'description of each follows. 

ADDRESS LINES 

A1 - A23 These outputs are used to address.the RAM and PERIPHEHAL 
devices. All peripherals are memory mapped. Address-line AO is inter¬ 
nal to the 68000 and used to decide if UDS* or LDS* is to be asserted. 

LDS* Lower Data Strobe is used to enable an 8 bit memory transfer 
on the lower 8 data lines (DO - d7) 

UDS* Upper Data Strobe is used to enable an 8 bit memory transfer 
on the upper 8 data lines (D8 - D15) 

If both LDS* & UDS* are asserted at the same time a 16 bit data 
transfer would occur. If neither are asserted no transfer can occur. 

AS* Address Stobe is used to signify that there is a valid address 
on Che bus. 

R/W* Read/Wrice* is used to indicate if Che transfer is a read or 
a write cycle. 
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TABLE 1 - SIGNAL SUMMARY 







‘ Signal Name 

I Mnemonic 

Input/Output 

Active State 

Three 

State 

aaress bus | A1-A23 

output 

1 hign 

vee 

Bus ) 00-015 

input/output 

-H 

P'dfi 1 ves 

2^ Strobe 

1 a3 

output 

low 

——1 

Y« 1 

!ao/WrtT8 

R/W 

output 

read-tiign 

write-iow 

yes 

:oer and Lower Oata StroOes 

CDS. lSS 

output 

low 

1 year 

!ta Transfer Acicnowtedqa 

SYaCR 

input 

low 

no 

iS Request 

SR 

input 

low 

no 

js Grant 

r 3^ 

output 

■ low 

no 

IS Grant AcJ(now«edqs 

BGACX 

input 

low 

no 

:eiTuot PriofTtv Lave! 

ifLu, IPLl, IPL2 

input 

low 

no 

■•s Error 

aSRR 

input 

low 

no 

set 

RESET 

input/output 

low 

no' 

(t 

halt 

input/output 

low 

no* 

able 

E 

outout 

high 

no 

lid Memorv Address 


outout 

low 

yes 

iid Penoneral Address 

VP“A 

input 

low 

no 

'icTion Code Outout 

PCO. PCI, FC2 

output 

fiigh 

yes 

ick 

CLK 

input 

higti 

no 

wer Inout 

vcc 

input 



}und 

GNO 

inout 

- 

- 



ASYNCHRONOUS BUS CONTROL 


DTACX* Data Transfer ACKnowledge is used Co indicate Che corap le- 
cion of a bus cycle. All data transfers rausc create this signal Co be 
sent back Co che 6SOOO. If chis signal is noc recieved wichin a prede— 
Cerrained amount of time an error would occur. 

This signal is present co relieve che need for waic staces in che 
case of slower memory devices. Ail Cranfer cycles are asynchronous, in 
ocher words hardware handshaking is supported by che 68000. 

We will discuss che necessary sequence of evencs in decail Lacer. 


BUS ARBITRATION CONTROL 

In order co maintain a systematic and orderly means of concoliing 
which device is in control of che bus che 68000 employs several 
control lines called che BUS ARBITRATION LINES. Anv device which is 
using che bus is considered co be che BUS MASTER. 
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The 68000 considers any request for bus mastership to be of equal 
priority, and considers itself to have the lowest. External circuitry 
is used to establish individual priorities and all bus requests are 
handled through this device. 

This external device monitors all requests and status, makes 
request for the bus to the 68000, and, at the appropriate time, grants 
bus mastership to the requesting device. 

The 68000 bus interface lines and a brief description of each is 
as follows: 

BR* (Bus Request) Used to inform Che 68000 chat some other device 
desires Co become BUS MASTER. 

BG* (Bus Grant) Used Co inform the requesting device Chat the bus 
will be released at the end of the current bus cycle. 

BGACK* (Bus Grant ACKnowledge) Used to indicate Co Che 68000 Chat 
some ocher device has become bus master. The device requesting the bus 
cannot assert BGACK* until Che following four conditons have been met. 

1. a bus'grant has been recieved, indicating that Che current 
bus master will relinquish Che bus when ready. 

2. address strobe is negated indicating, chat Che 68000 is not 
using the bus. 

3. DTACK* is negated, indicating chat no memory or peripheral 
device is using the bus. 

4. BGACK* is inactive, indicating chat no other device is 
still claiming bus mastership. In ocher words Che device request¬ 
ing bus mastership must monitor Che line and wait for any device 
which is presently using the bus to finish it's bus cycle 

EXCEPTION PROCESSING 

Before continuing our discussion on Che pinouts we must first dis¬ 
cuss the 68000's interrupt and error handling routines. The term used 
to describe this action is EXCEPTION PROCESSING. 

MODES OF OPERATION 

The 68000 MPU is always in one of three modes of operation. These 
are normal, exception or, halted. 

When Che MPU is running an application program we say ic is in Che 
normal, or USER mode. 

If, for example, an interrupc or error should occur Che processor 
would enCer the exception, or SUPERVISOR mode. 

PRIVILEGE STATES 

There are two privilege states possible, the user scace, and Che 
supervisor scaCe. The user has a lower sec of privileges Chen the 
supervisor These privileges are set up to insure Chat programs do noc 
enter areas Chat they do not need and must not modify. 
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The structure is such that it allows most programs to run in the 
user mode, allowing access only to the user program and data area as 
defined by the system. 

The operating system executes in the supervisor state, giving it 
access to all resources, and allowing it to perform any overhead tasks 
requested by the user state program. 

EXCEPTIONS 

In a multi-user environment, each user is given a specific and 
unique area of ram in which program execution and data storage is al¬ 
lowed. If an attempt is made to access a memory location outside a 
particular users ram area the processor must be informed. The device 
which informs the processor is called the MEMORY MANAGEMENT UNIT. This 
is the external support circuitry which sets up the program area and 
handles the partitioning of ram. 

If an error is reported, the 68000 would enter the SUPERVISOR 
MODE, and exception processing would begin. This is not the only con¬ 
dition that will cause the 68000 to enter exception processing. Some 
other causes would be an interrupt, devide by zero, illegal instruc¬ 
tion, reset, as well as others. 


PROCESSING 

When an error or exception is encountered the processor handles it 
in the following manner. 

1. A copy of the STATUS ElEGISTER (more on this later) is made 
and the status register is set up to run in the SUPERVISOR or 
EXCEPTION mode. 

2. There is a "lookup table" internal to the 68000 which 
contains several "vectors", one for each type of exception. A 
vector is simply a binary code which is used as an address 
reference by the 63000. 

The 68000 retrieves the proper vector byte and stores it. 

3. The contents of the 68000 registers are stored in ram. 

4. The 68000 then retrieves the contents of the ram location 
pointed to by the vector which was retrieved in step two. The con¬ 
cents of this memory location is used as an address to point the 
68000 to the start of an exception processing service routine 
located in Che supervisor area of ram. 

The 68000 Chen performs Che exception processing routine as 
directed by Che program at this location. At Che end of each 
exception routine is an RTE (ReTurn from Exception) command which 
puts the processor back in the user mode. 
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The following cable show che differanc type of axcepcions, as well 
as there vector numbers, and che address that che 68000 is pointed Co. 


RGUHE 23 - AOORESS TRANSLATED FROM S-aiT 
VECTOR NUMBER 


A23 


A10 

A9 

A8 

A7 

A6 

AS 

A4 

A3 

A2 

A1 

AO 

All Zeroes 

v7 

_u 

_u 

v4 

v3 

v2 

vl 

vO 

0 

0 


TABLE 18 — EXCEPTION VECTOR ASSIGNMENT 


Vector 

Address 


Numberisi 

Dec 

Hex 

1^ 

■ Assi^nmont 

0 

0 

000 

SP 

Reset: Initial SS? 

— 

4 

004 

s? 

Reset: Initial PC 

2 

a 

COS 

so 

3u 3 Error 

3 

12 

ooc 

so 

Address Error 

4 

18 

010 

SD 

Illegal Instruction 

5 • 

20 

014 

SO 

Zero Divide 

8 

24 

018 

SO 

CHK Instruction 

7 

73 

01 c 

SD 

TRAPV Instruction 

3 

32 

020 

SO 

Privilege Violation 

9 

38 

024 

SD 

Traca 

10 

40 

028 

SO 

Line 1010 Emulator 

11 

44 

Q2C 

SO 

Line 1111 Emulator 

12* 

48 

030 

SD 

(Unassigned. reserved) 

13* 

52 

034 

SO 

lUnassigneo. reserved) 

14* 

56 

038 

SD 

(Unassigned, reserved) 

15 

60 

03C 

SD 

Unitialized Interruot Vector 

16-23* 

64 

04C 

SO 

(Unassigned. reserved) 



05F 


- 

24 

96 

060 

SD 

Sounous Interruot 

25 

100 

064 

SO 

Level 1 Interruot Autovector 

28 

104 

068 

SD 

Level 2 Interruot Autovector 

27 

103 

06C 

SO 

Level 3 Interruot Autovector 

1 ^ 

112 

070 

SO 

Level 4 Interruot Autovector 

3 

116 

074 

SO 

Level 5 Interruot Autovector 

30 

120 

078 

SO 

Level 6 Interruot Autovector 

31 

124 

07C 

SO 

Level 7 Interruot Autovector 

32-t7 

128 

080 

SO 

trap Instruction Vectors 


191 

08F 


- 

4S.63* 

192 

oco 

so 

(Unassigned, reserved) 


255 

OFF 


- 

54-255 

256 

100 

so 

User Interruot Vectors 


1023 

3FF 


- 


Vector numosrs 12, 13, 14, 16 cttrough 23 and 4B tfirough 63 are reserv¬ 
ed for future ennancemems by Motorola. No user oeroneral devices 
snouid be assigned tnesa numbers. 
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FUNCTION CODES 


The 68000 MPU is a highly sCructured microprocessor. It has the 
capability of keeping track of both SUPERVISOR and USER ram area. It 
also devides these areas into their respective program and data ram 
storage areas. 

The function control outputs are used to indicate to the system 
what section of ram the 68000 is accessing. This information is used 
to permit or deny access to that area as determined by the system. 

For instance, in a multi - user situation, the FC outputs would 
inform the system which area of ram was being accesed. If a user tries 
to access outside of his area the memory management would report an 
error. 

If, however, a call was made to an operating system sub-routine we 
would be in the supervisor mode (as described above) and would need a 
complete and free run of ram. In order to do this we could monitor the 
FC outputs and disable the memory management unit any time the 68000 
entered the supervisor mode. 

As well as indicating where in ram the 68000 is attempting to ac¬ 
cess, the FUNCTION CODE outputs are used to indicate when an inter¬ 
rupt acknowledge cycle is in progress. 

The condition of the outputs inform the system of the status of 
the 68000. 


The truth table for the FCO lines is as follows: 


FUNCTION 

FC2 

CODE 

FCl 

OUTPUT 

FCO 

FUNCTION BEING PERFORMED 

0 

0 

0 

(Unassigned) 

0 

0 

1 

USER DATA 

0 

1 

0 

USER PROGRAM 

0 

1 

1 

(Unassigned) 

1 

0 

0 

(Unassigned) 

1 

0 

1 

SUPERVISOR DATA 

1 

1 

0 

SUPERVISOR PROGRAM 

1 

1 

1 

INTERRUPT ACKNOWLEDGE 


READ AND WRITE CYCLES 

The following diagrams show the flow charts for read and write 
memory cycle. The bus master is the device in control of the bus, the 
slave is the device which the bus master is addressing. 
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HGURE - WORD WRITE CYCLE FLOW CHART 


BUS MASTER 


SLAVE 


Address Onvirw 
■) “lacs Address on A1-A23 
2.' ?'ac8 Function Code on FC0-FC2 

3) Assen_^ddres3 Strode (a3) 

■11 Set R/W to Write 

3) Place Data on 00-015 _ 

3) Assart Uooer Data Strode (UDS) and 
Lower Data Strode (LOS) 

I_ 

Input Data 

1) Decode Address 

2) SUira Data on 00-015 

3) Assart D ata Transfer Acknowledge 
(OTACX) 



Termin ate Output Tran sfer 
11 Negate UPS artd LQ3 

2) Negate AS 

3) Remove Data from 00-015 
41 Set R/W to Read 


FIGURE - BYTE WRITS CYCU FLOW CHART 

BUS MASTER SLAVE 

- Address 0evic9 

1) Place Address on A1-A23 

2) Place Function Coda on PC0-PC2 

3) Assert_^drB3s Strode (AS) 

4) Set R/W to Write 

5) Place Data on 00-07 or 03-015 (according 
to AO) 

6) Assart Upper Data Strode (UOS) or Lower 
Data Strode (LOS) (b?sed on AO) 


t 

Input Oata 

1) Decode Address 

2) Store Oata on 00-07 if LOS is assened 
Store Oau on 08-015 if U^ is asserted 

31 Assert O ata Transfer Acknowiedga 
(OTACX) 



^gminate_0utout_T2ns^ 

1) Negate UDS and LOS 

2) Negate AS 

3) Retrove_Oata from 00-07 or 08-015 

4) Set H/W to Read 




TafTHinatB Cvtfo 
1) OTA« 


f 


Start Next Cvde 


Terminate Cvde 
1) Negate OTACX 



Start Next CvcJe 
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MUUHE 


- WORD READ CYCL£ ROW CHART 


RGURE - BYTE READ CYCLE FLOW CHART 


* BUS MASTER 

• * 


SLAVE 


BUS MASTER 


SLAVE 


_ 'Address Devirp 

11 Set H/W to Read 

Flaca Address on A1-A23 
1 Place Function Code on FCO-FC2 

4) Assen Address Strobe (AS) 

5) Assert Upper Data Strobe (Uo2) and Low^ 
er Data Strobe (lS2) 

1 _ 

Input Data 
)) Decode Address 

2) Place Data on 00015 
31 Assen D ata Transfer Acienowiadqo 
lOTACX) ^ 



Acquire Data 

1) Latch D ata 

2) Negate U OS and LOJ 

3) Negate aS" 


Terminate Cyrie 

1) flemqv e Data fr om 00-015 

2) Negate OTACX 



Sian Next CvOe 


_ Address Device 

1) Sfet R/W to Read 

2) Place Address on A1-A23 

3) Place Function Code on Fp-FC2 

4) Assen Address Strobe (AS)_ 

5) Assen Upper Data Strobe (UOS) or Lower 
Data Strobe (LOS) (based on AO) 

! _ 

~ Input Data 

11 Decode Address 

2) PlaM Data on 0007 or 08-015 (based on 
UOS or LOS) 

3) Assen D ata Transfer Acknowledge 
(DTACIO 



Acquire Data 

1) Latch D ata ” 

2) Negate UOS or L03 

3) Negate aJ 

! __ 

Terminate Cycle 

1) Remov e Data fr om (3007 nr na-riTg 

2) Negate OTACi? 


f 

Stan Next Cvete 


INTERRUPT CONTROL LINES 

The IPL lines are used co inform Che 63000 of an incerrupc and co 
assign prioricies. The system is sec up so chat when an incerrupc is 
generated, che device will present it's level co the 68000 by placing 
a binary code on che IPL lines. 

There are 7 levels of interrupts which can be recognized by che 
68000. A level 7 incerrupc is che highest level incerrupc and a level 
1 is Che lowest. A binary 000 on these control lines indicates no 
interrupt. 


SYSTEM CONTROL LINES 

3ERR* (Bus ERRor) Used Co indicate chat an error has occurred dur¬ 
ing a bus request cycle. 

A few examples of bus errors are: 

1. an atcerapc co access memory which is out of che user's 

boundary 
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2. no DTACK* response Co a data transfer. The reason we need 
this is if Che 68000 does not get a DTACK* it will simply wait for one 
indefinitely. If no response is received by a predetermined length of 
time an external watchdog circuit will be used assert BERR*. 

HALT If a HALT instruction is received at Che same time as BERR* 
Che 68000 will re-run Che bus cycle. 

The HALT line is also used to allow programmers to single step 
through a program. This single step feature is a function of Che 68000 
and is used to provide an easy means of debugging during program 
developement. 


RESET 

RESET is a bi-directional pin which may be used to perform a reset 
to Che system devices by Che 68000 without performing a 68000 reset, 
or to reset Che 68000 and system devices 

The ONLY way to reset Che 68000 is to assert BOTH HALT AND RESET 
at Che same time. If a reset is recieved without a halt it will reset 
all subsystem, but not Che 68000 itself. 

M6800 PERIPHERAL CONTROL LINES 

The 68000 MPU has been designned to work in conjunction with Moto¬ 
rola's 6800 peripheral devices. The following pins are used Co inter¬ 
face this group to Che 68000. 

E (Enable) common to all 6800 peripheral devices and is used Co 
synchronize data transfers. 

VPA* (Valid Peripheral Address) Used Co inform Che 68000 Chat an 
address is for a 6800 subsytem, and that Che data transfer should be 
synchronized with Che enable pin. 

VMA* (Valid Memory Address) Used to inform 6800 subsytem that Che 
address is a valid memory address and the output is synchronized to 
Enable. This signal is only asserted after Che receipt of VPA*. 


INTERNAL STRUCTURE 


DATA REGISTERS 


The 68000 contains 8 inernal data register, DO - D7. These regis¬ 
ters are 32 bits wide, and are capable of handling data in either 8 
bit BYTES, 16 bit WORDS, or 32 bit LONG WORDS. 

ADDRESS REGISTERS 


There are 7 address registers, AO - A6. These registers are 32 
bits wide and can handle either WORDS (16 bits) or LONG WORDS (32 
bits). 
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STACK POIMTERS 


Thera are Cwo scack poincars, A7 & A7 '(a 7 prime). A7 is used as 
Che USER scack pointer, and A7' is used as Che SUPERVISOR scack poin¬ 
ter. Both SP's are set up Co stack from the cop down and co access 
LIFO. 

STATUS REGISTER 

In addition to the seventeen 32 bit registers, there is a 16 bit 
register called the STATUS REGISTER. This register is set up so chat 
Che lower byte indicates Che user status, and Che upper byte indicates 
the system status. 

The Cable below shows the bit assignment for the status register. 


STATUS REGISTER 



System Byte 
_ /N _ 



User 3vte 



"IS 

13 

10 


3^ i 



> 

0 



N 

'O' 


N| Z 

B 

0 


Extend j 
Negative 
Zero 

Overflow 

Carry 


Trace Mode j 

Supervisor 

State 


Interrupt 

Mask 


The user byte is used to check condition during program operation 
under the USER mode. 

The system byte is used to as follows: 

1. The interrupt mask is set to allow only interrupts of chat 
level or higher, as determined by the 3 bit combination at bit 8, 
9, & 10, to be accepted by Che 6S000. A level 7 interrupt (highest 
priority) is not capable of being masked out. 

2. If bit 13 is sec the processor is in the SUPERVISOR mode. 

If it is reset it is in Che USER mode. 

3. If bit 15 is sec the processor is in the TRACE, or single 
step mode. 
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MDDEL 16 

128K-256K MEMDRY BOARD 
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